, and extrapolating these data points leads to ~0.04 mA/cm 2 at 100 mW/cm 2 . This value is ~ 3.3 times higher than, but still on the same order with our own value (~0.012 mA/cm 2 ). Additionally, it is very important to note that a monochromatic light (λ=435 nm, or photon energy=2.85 eV) was used in their work so that each photon can generate an e-h pair, whereas for our own cell, photons with larger wavelengths (or lower energies) would not at all contribute to the photocurrent. Given the above comparisons, it is reasonable to conclude that our BFO film is in a high quality, and the consequent photocurrent values are reliable. Table S3 . Numbers of Fe and Cr ions and NN B-site ion pairs, along with the K-S energies of various B-site ion configurations. The B-site ion total energy (E tot ) can be expressed using the following equation:
where N Fe (N Cr ) is the number of Fe (Cr) ions in a unit cell, whereas U Fe and U Cr denote the onsite energy terms for Fe and Cr ions, respectively. Here, (i,j) counts the nearest-neighbor (NN) B-site cation pairs. We considered six interaction terms, i.e., (Fe↑,Fe↑), (Fe↑,Fe↓), (Cr↑,Cr↑), (Cr↑,Cr↓), (Fe↑,Cr↑), and (Fe↑,Cr↓). N (i,j) and ε (i,j) are the number of (i,j) pairs in a unit cell and the NN interaction energy of (i,j) pairs, respectively. Using quasi-newton methods (implemented in the software MATHEMATICA), we obtained the fitted on-site and NN interaction energy terms. These are summarized as follows: U Fe = -4.02875 (eV), U Cr = -4.02875 (eV), ε (Fe↑,Fe↑) = -25.97 (meV), ε (Fe↑,Fe↓) = -31.13 (meV), ε (Cr↑,Cr↑) = -25.97 (meV), ε (Cr↑,Cr↓) = -31.13 (meV), ε (Fe↑,Cr↑) = -29.29 (meV), and ε (Fe↑,Cr↓) = -29.00 (meV). By comparing the fitted interaction energies, we drew two important conclusions regarding the NN spin interactions in BFCO, as follows: (1) for Fe-Fe or Cr-Cr pairs, antiferromagnetic (↑↓) coupling is more stable than ferromagnetic (↑↑) one, however (2) for Fe-Cr pairs, both spin configurations are degenerate in energy (Δ =0.3 meV). Our results are consistent with the well known Goodenough-Kanamori (GK) rule (6,7), where perovskite oxide materials are more stable when interatomic spin interactions are antiferromagnetic. These conclusions drawn from the analytical model can explain the following DFT results. Ordered BFCO is exclusively characterized by dissimilar NN Fe-Cr pairs, and thus K-S energies are nearly independent of spin states: A-, C-and G-AFM is degenerate in energy (Fig. 1D ). In addition, the relative instability of A-AFM can be explained as A-AFM is mostly characterized by outnumbered "ferroelectric ordering (↑↑)" of Fe-Fe or Cr-Cr pairs.
Figure S2. Orbital-resolved band structure and DOS for all atomic and magnetic orderings.
Figure S3. Orbital-resolved band structure and DOS for all atomic and magnetic orderings. S5 , this analysis further provide explanations for "why strong absorptions can be realized at somewhat higher photon energies". As seen in the charge densities, CBM mostly consists of Fe t 2g states; however Cr e g states start to contribute fairly much at higher energy states (CBM+0.45eV or CBM+0.6eV), and eventually dominate at around CBM+1.0eV. Therefore, while VBM-to-CBM excitations (Cr t 2g -to-Fe t 2g ) will be limited, Cr t 2g -to-Cr e g transition can strongly occur at E photon ≥ K-S gap+0.5eV. Photo-excited electrons will then rapidly relax to the CBM state where Fe t 2g dominates; hence e-h recombination lifetime will be much extended due to very small transition-moment integral of the gap-transiton (i.e., ℎ ≈0). Figure S7 . The dependence of percolation-path generations on p (site occupancy probability) in a two-dimensional lattice (reproduced from reference 8 in SI). The generation of long-range connectivity (or percolation path) depends on the site-occupancy probability (p, 0≤p≤1). There exists a percolation threshold of p (or p c ), below which a longrange connectivity is not created, and above which it is easy to observe the giant cluster percolating through the lattice from the bottom to the top, as shown in Figure S7 . In case of "random disorder of the 3D simple cubic lattice" (just like B-cation sites in double perovskites), p c is determined as 0.31 (9-11). As our p value for both Fe and Cr is 0.5 (which is well above the threshold value 0.31), a long-range connectivity is highly likely to form. In addition, it is very important to note from our analytical model (Table S3 ) that Fe or Cr atoms tend to be segregated in this system [ε (Fe↑,Fe↓) =ε (Cr↑,Cr↓) = -31.13meV < ε (Fe↑,Cr↓) = -29.00meV], the disordering is not random, but rather "biased for segregations"; as a result p c for our system is expected to be smaller than 0.31. Thus, the probability of a long-range connectivity should be even higher. Table S4 . Computed electron and hole effective masses of BFCO with C-AFM and G-AFM orderings for various B-site ion configurations expressed in units of m 0 . The electron and hole effective masses were calculated at the CBM and VBM, respectively. Note that the d 7 structure in G-AFM ordering can have two possible hole effective masses because, in this particular case, the VBM exists at two distinct high-symmetry points, A and Z. The different quantities and behaviors between the electron and hole effective masses can be understood by analyzing the orbital interactions near the CB and VB edges, respectively, because the effective mass value is highly dependent on the orbital interactions. In the CBM state, where Fe 3d orbitals dominate, the NN Fe 3d-Fe 3d interactions are much weaker in the ordered BFCO structure because it has an average longer Fe-Fe distance than any disordered BFCO (Fig. 2E-2F) . Thus, the electron mass is substantially reduced in the disordered geometries. Unlike the CBM, where the O 2p contribution is negligible, the VBM state is composed of not only Cr 3d orbitals but also O 2p orbitals. As these O 2p orbitals act as bridges between the NN Cr 3d orbitals (i.e., Cr-O-Cr), the orbital interactions are much stronger, leading to a smaller hole effective mass. To provide explanations for the exemptions, we carefully analyzed the charge density distributions of the CBM state of these two structures. As the CBM mainly consists of Fe 3d orbitals, nearest-neighboring Fe 3d-Fe 3d interactions (in the poling direction, or z-direction) are the most important in determining effective masses. First, for the d 3 structure, comparing the CBM charge densities of C-and G-AFM case in Fig. S9A and S9B, we found that the degree of Fe 3d-Fe 3d interactions (in zdirection) is much weaker for the latter; thus the mass is much larger for the d 3 in G-AFM. Secondly, for the d 6 structure, the interactions of C-and G-AFM (in Fig. S9C and S9D ) may look similar, but in fact differ substantially. C-AFM mainly consists of d z2 orbitals whereas G-AFM is predominantly contributed by xy-plane components (d xy and d x2-y2 ). As a result, the degree of orbital interactions in the z-direction is much weaker, and thus the mass should be larger for the d 6 in G-AFM. Figure S10 . Absorption spectra of materials of R<0 and E g <2.0eV, obtained at the DFT+RPA level. The dashed and solid lines signify the K-S gap (E g ) and optical threshold energy (E opt ), respectively, in each material. The differences (∆) between these two energies are measured and shown. E opt is quantitatively defined as the lowest photon energy at which the absorption amount reaches to 50%. From the Beer-Lambert's law [i.e., absorption
, that makes 50% absorption is 0.69×10 5 cm -1 at d of 100nm (typical experimental thickness). To quantitatively compare the degree of e-h charge separation in the double-perovskite materials, we define the degree of charge separation (R) as
where S B' and S B" is the integrated DOS of the B' and B" cation, respectively, in the immediate vicinity of either the CBM or VBM. The integration was performed over an energy range of 0.05 eV. In principle, the R value can range from -1 to +1. Systems with negative R values offer efficient spatial charge separation. A more negative R value indicates stronger separation. R = -1 represents complete e-h separation onto two distinct B-cation sites.
